Abstract Fresh frozen plasma (FFP) transfusion is a crucial part of management of trauma patients. There is a paucity of literature about the audit of appropriateness of FFP use in trauma patients. To evaluate and analyze the appropriateness of FFP transfusion practices for trauma patients. Prospectively compiled blood bank records of FFP transfusion practices over a period of 4 months from Augusts'08 through Deember'08 were retrospectively analyzed for 207 patients. The number of FFP units used in all these trauma patients were evaluated a propos the cause of injury, departments, type of surgery, presence of coagulopathy, bleeding, massive transfusion, length of hospital stay and patient outcome. Trauma scores such as Glasgow coma score and injury severity score were also calculated to estimate the severity of injury. The appropriateness of FFP transfusion was assessed according to the guidelines drafted by the College of American Pathologists. FFP transfusion for patients experiencing active bleeding, micro vascular bleeding, coagulopathy and/or massive transfusion, was deemed appropriate. Patients receiving FFP were categorized and individually correlated with the outcome. The influences of other variables which affect patient outcome were excluded using stepwise multivariate logistic regression analysis. p value \ 0.05 were considered to be statistically significant. A total of 207 trauma patients were included in the study, 183 (88.4 %) males and 24 (11.6 %) females. The FFP use among neurosurgery patients was 46.9 %, general surgery patients 40.6 % and orthopedics 12.6 %. Appropriate use of FFP was 49.5 % according to the CAP guidelines. Trauma patients who required FFP as a part of treatment were categorized as; Patients who had bleeding alone (n = 40), bleeding with coagulopathy (n = 16), and coagulopathy alone (n = 43), and further correlated with the outcome and were found statistically insignificant. The prevalence of appropriate use of FFP at trauma centre was 49.5 %. The FFP use by neurosurgery:orthopedics:general surgery was 5:1:4. The highest appropriate FFP use was by Neurosurgery department (50.5 %). Assessing the pattern of usage and rate of misuse of FFP units, allows us to establish required strategies to improve the state of affairs.
Introduction
Trauma is a serious global health problem. Uncontrolled bleeding is a major reason for around 40 % of traumarelated deaths [1] [2] [3] . Life-threatening bleeding in trauma patients is usually caused by a combination of vascular injury and coagulopathy causes of which are multifactorial and interrelated, including consumption and dilution of coagulation factors and platelets, dysfunction of platelets Presentation at a meeting: Presented as a paper presentation in trauma conference November,2009 In JPNATC, AIIMS received 2nd prize for best paper. and the coagulation system, increased fibrinolysis, compromise of the coagulation system by the infusion of colloid, hypocalcaemia, and disseminated intravascular coagulation (DIC) like syndrome [4] [5] [6] [7] [8] [9] .
Since trauma patients often develop coagulopathy and bleeding, Fresh frozen plasma (FFP) forms an indispensible part of trauma patient management. FFP contains significant amounts of all of the coagulation proteins, both pro coagulant and anticoagulant.
Although guidelines for FFP usage are available, inappropriate employment continues to be significant problem. Furthermore excessive usage can lead to shortage in times of need as well as reduced availability for the production of albumin and immunoglobulins. Therefore, there is a need to use FFP only for specific indications. Hence, scrutinizing FFP consumption is important to lessen its associated misuse and risk.
The present study was done to improve the quality of care provided to patients by ensuring the appropriate use of FFP in patients
Materials and Methods
Retrospective analysis of the Blood Bank records of patients admitted at a level I trauma centre for duration of 4 months (August-December 2008) was carried out. A total number of 207 trauma patients benefitted from FFP transfusion with available clinical and laboratory data were considered for the duration and purpose of the study.
Patients with coagulation disorders, liver disease and those on anticoagulants prior to attaining injury were excluded from the study cohort. Patients with missing clinical or laboratory records were also excluded from the study (n = 80).
Clinical records of patients who were admitted with trauma and their corresponding demographics, clinical and transfusion data such as age, sex, Glasgow coma score (GCS), injury severity score (ISS), and indication for FFP transfusion and FAST (focussed abdominal sonography) were recorded. Laboratory investigations namely complete hemogram (Hb, TLC, and DLC) and coagulation profile (PT, APTT) were performed on the Sysmex XE-2100 hematology analyzer and STA Compact coagulation analyzer, respectively. The total number of FFP units transfused during the hospital stay and adverse effects of transfusion were noted from the blood bank records. The presence of coagulopathy was diagnosed if any of the PT or APTT was [1.5 times normal and the INR value was[1.6. Immediate outcome was assessed in terms of hospital length of stay and mortality. We used the CAP guidelines [10] , to assess the appropriateness of each request in relation to the clinical indication.
According to CAP guidelines, patients should be given FFP in case of (a) active bleeding, PT/APT T [ 1.5 9 normal, coagulation assay of\25 % activity, (b) microvascular bleeding, massive transfusion, deteriorating status, (c) emergent reversal of warfarin, (d) prophylactically for surgery or invasive procedure in cases of documented congenital or acquired coagulation factor deficiency, (e) deficiency of antithrombin III, heparin cofactor 11, protein C or protein S, (f) hypoglobulinemic states in rare instances, (g) plasma exchange for thrombotic thrombocytopenic purpura or hemolytic ureamic syndrome.
Recommended dosage of FFP is 10-15 mL/kg, i.e. up to 3-4 units.
Data Analysis
Data was recorded on a predesigned proforma and managed on an excel spread sheet. Statistical analysis was done using SPSS 15.0 (SPSS Inc. Chicago, IL, USA) statistical software. The statistical significance and association of FFP transfused with the patients immediate outcome was studied according to the patient's variables using Chi square and two way ANOVA tests. The influences of other variables which affect patient outcome such as Glasgow coma and ISSs, length of stay and age were excluded using stepwise multivariate logistic regression analysis. In this study p-values \0.05 has been considered statistically significant.
Results
Among two hundred and seven patients during the study period, 34 were (12 %) females and 183 (88 %) males. The median age was 28.5 years. A total of 1,104 units of FFP were issued during the period of study. The mean FFP used was 4 units (range 1-29 units). 97 (46.9 %) of FFP requests were for neurosurgery patients, 26 (12.6 %) were for orthopedics and 84 (40.6 %) were for General surgery patients. Neurosurgery department requested the most numbers of FFP units (46.9 %) followed by general surgery department (40.6 %).
It was considered appropriate FFP use according to CAP guidelines if the patient had presence of active bleeding, microvascular bleeding, coagulopathy and/or massive transfusion. 16 (16 %) patients had bleeding with coagulopathy, 40 (40 %) had only bleeding and 43 (44 %) patients had coagulopathy with no bleeding. Only 4 patients in the study had massive transfusion (0.01 %). The appropriateness of FFP use at trauma centre was 49.5 %. The highest percentage of inappropriate usage was for orthopedic patients (69.3 %) (Fig. 1) .
No immediate transfusion reaction was reported on FFP transfusion which could be due to the patient being on ventilator or under sedation.
Trauma patients who required FFP as a part of treatment were categorized broadly under 3 categories: Patients who had bleeding alone (n = 40), bleeding and coagulopathy (n = 16) and coagulopathy alone (n = 43). Massive transfusion was removed from being a separate category due to its reduced sample size (n = 4). Figure 2 depicts the mean FFP issued according to indications for FFP transfusion and immediate outcome at the end of the hospital stay. All categories receiving FFP transfusion were further individually correlated with the outcome and found statistically insignificant.
Multivariate analysis was done after excluding the effects of variables like age, ISS, GCS and hospital length of stay on the outcome of the trauma patients (Table 1) . It revealed that FFP transfusion did not have any independent influence on the immediate outcome of trauma patients (dead/discharged).
Discussion
The administration of FFP has increased dramatically in recent years despite the paucity of definitive indications for its use, and the evidence of its potential risks, such as viral hepatitis and possibly acquired immunodeficiency syndrome. Many patients who receive FFP can be managed more effectively and safely with alternative modalities.
Several indications of FFP transfusion given by expert consensus have been reported in the literature since 1985 [11] [12] [13] [14] ; however there exists discrepancy. First, these guidelines were published a decade or more ago. Second, they were mainly expert consensus rather than recommendations derived from well-conducted prospective randomized controlled studies [15] .
Various studies have reported a high incidence of inappropriate use of FFP [16] [17] [18] [19] [20] [21] [22] . Appropriate use of FFP must be justified on clinical grounds until better evidence is available. A systematic review by Stanworth et al. [23] . to identify and analyze all RCTs examining the clinical effectiveness of FFP, reported that the strongest RCT evidence indicates that the prophylactic use of FFP is not significantly or consistently effective across a range of different selected clinical settings. Recently similar review by Kozek-Langenecker et al. [24] . concluded that the published evidence does not appear to support the clinical Fig. 1 The incidence of appropriate use of FFP in various departments of trauma centre In this study we retrospectively analyzed transfusion requests in a tertiary care trauma centre to ascertain their appropriateness according to CAP guidelines. A total of 1,104 units of FFP were mostly given to patients of average age 28.5 years. Neurosurgery department requested the most numbers of FFP units (46.9 %); the highest percentage of inappropriate usage was for orthopedic patients (69.3 %). In a similar retrospective study by Shinagare et al. [25] . FFP was most often used in patients of age range 16-30 years, the obstetrics and gynecology department requested the most units of FFP (40 patients, 115 units).
This retrospective study reports an appropriateness of FFP to be 49.5 %, concordantly appropriateness of 47 %, probable appropriateness of 9 % and inappropriateness of 45 % for FFP usage was reported by Luk et al. [18] . in 2002. Similarly Pratibha et al. [26] conducted a study in which they demonstrated 40 % appropriate use. Another retrospective study by Iorio et al. for 221 FFP requests showed that indication was appropriate in 31.5 % of the requests and inappropriate in 68.5 % [27] . A recent prospective analysis by Akkaş M et al. [28] reported inappropriate use of FFP in 137 (67 %) of 204 patients.
Similar to our study Chng [15] applied the criteria set by the College of American Pathologists in 1994, only 27 % of the FFP transfusion episodes of nine hundred and thirtytwo units of FFP were deemed appropriate.
Our study differs from all others since it exclusively studied only trauma patients in North India. Other published Indian FFP audits have been conducted on a broad range of medical and surgical patients. Two studies have deemed the FFP usage appropriate using guidelines by the National Health and Medical Research Council and The Australasian Society for Blood Transfusion. First reported that 60 % of the patients were appropriately transfused and 40 % were inappropriately transfused [25] , and 48 % appropriate and 52 % inappropriate use of FFP in patients was reported by the second in 2012 [29] .
A prospective audit by Kakkar et al. [30] identified 304 (60.3 %) prescriptions as inappropriate according to the British Committee for Standardization in Hematology (BCSH) guidelines. The re-audit performed after an educational campaign among clinicians showed a reduction in inappropriate requests by 26.6 %. The specific areas of misuse were FFP transfusions in patients with hypoproteinaemic states (40.5 %), anaemia (36.5 %), bleeding without coagulation factor deficiency (10.2 %) and volume depletion (9.2 %). Another prospective study by Chaudhary [31] using the same guidelines has shown appropriate FFP use of 29.5 % for indications that primarily included chronic liver disease, disseminated intravascular coagulopathy and prolonged bleeding with abnormal coagulation profile. While Makroo [32] in his study showed appropriateness of 69.8 % and deemed 30.2 % of inappropriate FFP requests using the CAP guidelines.
The high rate of inappropriate use reflects the uncertainty among clinicians about appropriate FFP usage. FFP misuse results in wastage and subjecting recipients to unnecessary risk.
Bochicchio [33] studied 1,172 trauma patients during a 2 year period including transfusion rate of blood products (PRBCs, FFP and platelets), and compared the transfusion group of patients with non transfused group. Their univariate analysis revealed that blood product transfusion (any type) is associated with a significantly greater infection rate (34 % vs. 9.4 %, p \ 0.001), hospital length of stay (18.6 vs. 9 days), p \ 0.001), ICU length of stay (13.7 vs. 7.4 days) and mortality (19 % vs. 8.3 %). Risk of death was observed to increase by 3.5 % for every unit of FFP transfused [34] . However in the present study no association of FFP transfusion to immediate patient mortality was seen.
Conclusions
The appropriate use of FFP requires an understanding of the properties of FFP and its inadequacies, as well as the appreciation of the complications of its usage. We observed a prevalence of 49.5 % appropriate use of FFP in our hospital. The FFP use by neurosurgery: orthopedics: general surgery department was 5:1:4. FFP was mostly used among neurosurgery patients (46.9 %) followed by general surgery trauma patients (40.6 %). The highest appropriate FFP use was by neurosurgery department (50.5 %). More studies on definite clinical indications of FFP transfusion, including the clinical presentation of emergency trauma patients with shock, arterial blood gas and serum electrolyte results which help in identifying patients with subtle shock changes. FFP transfusion does not have any independent influence on the immediate hospital outcome of trauma patients (dead/discharged). The present study is the first step in the formulation of a FFP transfusion protocol and guidelines for our institute. Assessing the pattern of usage and rate of misuse of FFP units, allows us to establish required strategies to improve the state of affairs. Further studies are required to assess the causes of inappropriate FFP usage by the individual departments of our center. Unnecessary transfusions should be avoided by better decision-making with regard to the use of blood components based on defined guidelines. A continual system of staff education and administrative intervention a propos FFP usage is recommended. Transfusion guidelines should be included in all junior doctor handbooks and included in all new doctors' hospital orientation program
